The purpose of this investigation is to obtain a fundamental understanding of the underlying mechanisms of coarse grain recrystallization of ODS, t" -hardened nickel-based superalloys. Experiments have been carried out on a laboratory zone annealer using small bars in which a number of directional recrystallization (DR) speeds and temperatures were evaluated, enabling a 'process window' for satisfactory DR response to be established, on the basis of both structure and stress rupture properties. The effect of zone annealing speed on the stress-rupture life at 1093'C/ljO MPa of INCONEL alloy MA6000 bar produced under a given set of TMP conditions is shown in Fig.2 . This indicates an apparent threshold speed to achieve high stress rupture properties.
At higher speeds, a slight steady decrease in life is observed with increasing zone annealing speed. Similarly it can be seen from Fig. 3 that there is both a minimum and maximum temperature threshold to achieve good stress rupture life. The ~'solvus temperature is 1050 + 10°C, and a transverse line of changed contrast at this temperature is evi -dent in Fig. 6a . . Such grains were usually observed in the plane of section to occur in groups of two or three, rather than in isolation.
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In INCONEL alloy MA760 the proportion of grains with <llO> orientation remains unchanged at lo-14% as the recrystallization interface is approached (Fig. 6b) , whereas in INCONEL alloy MA6000, the number of <llO> grains was seen to progressively increase as one passed up the temperature gradient. This indicates that a rotation of the grains towards <llO> is taking place in INCONEL alloy MA6000. It should be borne in mind that the recrystallization interface in INCONEL alloy MA6000 occurs at a significantly higher temperature (117O'C) than in INCONEL alloy MA760, so that diffusional processes are likely to be more rapid.
The Nucleation of Secondary Recrystallization. The interface in Fig.6a is the location where the growth rate of the recrystallized grains is equal to the traverse rate of the specimen through the furnace. In order to identify the temperature at which the secondary recrystallization process nucleated in INCONEL alloy MA760, a series of specimens was water quenched after having been passed at the normal traverse rate an increasing distance into the furnace.
These were then sectioned and examined metallographically. Secondary recrystallization appears to be triggered by small groups of grains with axes close to <llO> either coalescing (by the rotation process observed in INCONEL alloy MA6000). or by a process of thermally activated unpinning. During the zone annealing of INCONEL alloy MA6000, the high recrystallization temperature permits the embryo groups of grains to approach more closely the <llO> axis (Fig. 6b) , thus lowering their interfacial energy further. The nucleation rate will thus be enhanced, thus accounting for the higher GAR observed in zone-annealed INCONEL alloy MA6000 than in INCONEL alloy MA760.
The abnormally growing grains are of relatively remote orientation (<llO>) from those of the matrix (<loo>-<112>), and their interfaces will possess an advantage in mobility.
Nucleation has been shown to commence at the specimen surface, rather than the interior. and the curvature of the steady-state recrystallization interface (Fig. 6a) indicates that boundary mobilities are a maximum at the surface.
The origin of this mobility gradient appears to be related to the strain gradient in the original extrusion, which in turn may influence the strength of the texture.
Recrystallization Behaviour of Commercial Scale Extrusions
The zone annealed bars of rectangular section have been crystallographically analysed.
The samples were taken from the centre of the cross-section as illustrated in Fig. 10 . Textures.
SACPs revealed the orientation of each individual grain on the shaded planes in Fig.lO A small surface region showed a band of odd <112> grains, doubtless arising from extrusion strain heterogeneity. The texture in this case thus has a higher angular spread than the SCS bar, and higher-angle boundaries are present.
Conclusion

1.
Improved understanding of the zone annealing process has allowed the construction of a process map for satisfactory commercial production of ODS hardened nickel-base superalloys.
2.
For the zoning speed studied, nucleation of secondary recrystallization occurs at a higher temperature than that at which the recrystallization interface grows along the specimen axis.
3. The matrix grains remained Zener pinned by the yttria dispersion up to the recrystallization temperature.
4. Abnormal growth of grains with <llO> fibre axis occurs after thermally activated unpinning, or coalescence of groups of these grains.
The interfaces
of the abnormal grains have a mobility advantage over the matrix grains.
This advantage appears to be greater at the specimen surface than within the interior.
6.
SACP has enabled the texture and the distribution of high-angle grain boundaries to be characterised in DR ODS materials manufactured to commercial dimensions.
